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(57)Abstract: 

PURPOSE: To produce a nano-crystalline alloy excellent in magnetic properties by subjecting 
an amorphous alloy to heat treatment in a gaseous atmosphere having a specified dew point, 
crystallizing the same and allowing crystal grains having a specified average grain size to 
occupy a part of the structure. 

CONSTITUTION: An amorphous alloy is prepd. by a superrapid cooling method such as a 
single roll method, which is subjected to heat treatment and is crystallized to produce a nano- 
crystalline alloy in which crystal grains having 430nm average grain size occupy at least a 
part of the structure. At this time, it is subjected to heat treatment (at about 550°C) in an 
atmosphere of gaseous argon, gaseous helium, gaseous nitrogen or a gaseous mixture 
thereof. Thus, the nano- crystalline alloy having an ultrafine grain structure and excellent in 
magnetic properties can be obtd. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 



■[Claim (s)] 

[Claim 1] The heat treatment approach of the nano crystal alloy 
characterized by a dew-point performing said heat treatment in the gas 
ambient atmosphere below -30-degreeC in the heat treatment approach of 
manufacturing the nano crystal alloy with which an amorphous alloy is 
crystallized and the crystal grain whose diameter of average crystal 
grain is 30nm or less occupies some organizations [ at least ]. 
[Claim 2] The heat treatment approach of the nano crystal alloy 
according to claim 1 characterized by said dew-point being among the gas 
ambient atmosphere below -60-degreeC. 

[Claim 3] The heat treatment approach of the nano crystal alloy 
according to claim 1 or 2 characterized by said controlled atmospheres 
being argon gas, gaseous helium, nitrogen gas, or these mixed gas. 
[Claim 4] a nano crystal alloy — general formula* (Fel-aMa) — 100-x-y- 
z-bAxM' yM' — ' zXb (atomic %) It is expressed. At least one sort of 
elements with which A was chosen from Cu and Au in at least one sort of 
elements with which it was chosen out of Co and nickel by the inside M 
of a formula, At least one sort of elements with which M' was chosen 
from Ti, V, Zr, Nb, Mo, Hf, Ta, and W, At least one sort of elements 
with which M' ' was chosen from Cr, Mn, aluminum, Sn, Zn, Ag, In, 
platinum group elements, Mg, calcium, Sr and Y, rare earth elements, and 
N, 0 and S, X shows at least one sort of elements chosen from B, Si, C, 
germanium, Ga, and P. ax, y, z, and b are the heat treatment approach of 
a nano crystal alloy given in the term of either claim 1 characterized 
by being the presentation expressed with 0<=a<=0. 5, 0<=x<=10, 0. K=y<=20, 
0<=z<=20, and the number with which are satisfied of 2<=b<=30 thru/or 
claim 3, respectively. 
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1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the heat treatment 
approach of the nano crystal alloy used for the magnetic components 
which have the overly detailed grain structure. 
[0002] 

[Description of the Prior Art] The nano crystal alloy is used for the 
core of K0M0MM0-D0CH0-KUK0IRU, a high frequency transformer, a leakage 
alarm, a pulse transformer, etc. in order to show outstanding soft 
magnetic characteristics. As for the typical presentation system, the 
alloy system of a publication etc. is known by JP, 4-4393, B and JP, 1- 
242755, A. These nano crystal alloys are produced by microcrystal-izing 
this by heat treatment, after usually quenching from the liquid phase or 
a gaseous phase and considering as an amorphous alloy. It quenches from 
the liquid phase and the single rolling method, the congruence rolling 
method, the centrifugal quenching method, the spinning method in 
revolution liquid, the atomizing method, the cavitation method, etc. are 
learned as an approach of making it into an amorphous alloy. Moreover, 
it quenches from a gaseous phase and a spatter, vacuum deposition, the 
ion plating method, etc. are learned as an approach of making it into an 
amorphous alloy. A nano crystal alloy is what microcrystal-ized the 
amorphous alloy produced by these approaches, and does not almost have 
thermal instability nature which is seen by the amorphous alloy, and it 
is known that soft magnetic characteristics excellent in high saturation 
magnetic flux density and low magnetostriction are shown. Furthermore, a 
nano crystal alloy has small aging and excelling also in the temperature 
characteristic is known. 
[0003] 

[Problem(s) to be Solved by the Invention] Degradation may often arise 



in magnetic properties by the gas used although heat treatment of a nano 
crystal alloy is usually performed in inert gas, such as nitrogen gas 
and an argon, and it had become a problem. The object of this invention 
is offering the heat treatment approach of a nano crystal alloy 
excellent in the magnetic properties which have the uniform and overly 
detailed grain structure. 
[0004] 

[Means for Solving the Problem] In order to solve the above-mentioned 
trouble, magnetic properties deteriorated and this invention persons did 
the knowledge of dispersion in the magnetic properties itself being 
large, when deterioration layers, such as an oxide and a hydroxide, were 
shown in a front face, as a result of advancing examination 
wholeheartedly. Then, in order to have prevented generating of this 
deterioration layer, the knowledge of what is necessary being to control 
the moisture content in the gas ambient atmosphere under heat treatment, 
that is, just to control the dew-point in a gas ambient atmosphere was 
carried out, and it hit on an idea to this invention. That is, this 
invention is the heat treatment approach of the nano crystal alloy 
characterized by a dew-point heat-treating in the gas ambient atmosphere 
below -30-degreeC in the heat treatment approach of manufacturing the 
nano crystal alloy with which an amorphous alloy is crystallized and the 
crystal grain whose diameter of average crystal grain is 30nm or less 
occupies some organizations [ at least ]. The dew-point was limited to 
below -30-degreeC for an alloy surface deterioration layer increasing, 
if a dew-point exceeds -30-degreeC, and magnetic properties, such as 
permeability, deteriorating. 

[0005] When especially a dew-point is among the gas ambient atmosphere 
below -60-degreeC, magnetic properties improve further, and a more 
desirable result is obtained. The moisture content of 337.7 mg/m3 and - 
60 degrees of dew-points C are equivalent to the moisture content of 
10.93 mg/m3 for dew-point-30-degreeC. When argon gas, gaseous helium, 
inactive nitrogen gas, or these inactive mixed gas is used as a 
controlled atmosphere, outstanding magnetic properties are acquired and 
the effectiveness of this invention is remarkable. 
[0006] a nano crystal soft magnetism alloy — especially — general 
formula: (Fel-aMa) — 100-x-y-z-bAxM' yM' — 9 zXb (atomic %) It is 
expressed. At least one sort of elements with which A was chosen from Cu 
and Au in at least one sort of elements with which it was chosen out of 
Co and nickel by the inside M of a formula, At least one sort of 
elements with which M' was chosen from Ti, V, Zr, Nb, Mo, Hf, Ta, and W, 
At least one sort of elements with which M' ' was chosen from Cr, Mn, 



aluminum, Sn, Zn, Ag, In, platinum group elements, Mg, calcium, Sr and Y, 
rare earth elements, and N, 0 and S, X shows at least one sort of 
elements chosen from B, Si, C, germanium, Ga, and P. The soft magnetic 
characteristics which were excellent in the presentation expressed with 
the number with which ax, y, z, and b are satisfied of 0<=a<=0. 5, 
0<=x<=10, 0. K=y<=20, 0<=z<=20, and 2<=b<=30, respectively are obtained. 
[0007] The above-mentioned crystal is mainly a bccFe phase, and when Si 
is included, Si may dissolve in a bcc phase and it may contain a 
superlattice. Moreover, it may be dissolving in elements other than Si, 
for example, B, aluminum, germanium, Zr, Ga, etc. Although the 
remainders other than said crystal phase are mainly amorphous phases, 
they may consist only of a crystal phase substantially. The amorphous 
alloy of said presentation is processed after production, and it 
processes this into the configuration of a core with super-quenching 
methods, such as the single rolling method, and the alloy concerning 
this invention heat-treats by a dew-point carrying out temperature up in 
the gas ambient atmosphere below -30-degreeC beyond crystallization 
temperature, and produces it by forming a super-microcrystal grain with 
a mean particle diameter of 30nm or less. A magnetic field may be 
impressed in the case of heat treatment, and heat treatment among a 
magnetic field may be performed. 

[0008] Since heat dissipation of the heat by crystallization from a core 
front face to generate becomes good and unusual lifting of core 
temperature can be suppressed low, moving the controlled atmosphere in a 
furnace compulsorily can obtain a more desirable result. While 
introducing a controlled atmosphere in a furnace from the outside of a 
furnace, the gas in a furnace can be discharged, and effectiveness with 
the same said of moving the controlled atmosphere in a furnace 
compulsorily can be acquired. Since making the controlled atmosphere in 
a furnace stir compulsorily, and moving it by a fan etc. can also 
improve heat dissipation from a core front face, the same effectiveness 
can be acquired. 

[0009] As the difference of nano crystal alloy skin temperature and the 
laying temperature of a furnace becomes below 50-degreeC, also when a 
configuration becomes large by establishing the device in which the 
amount of furnace internal transmigration of a controlled atmosphere is 
adjusted, a response becomes possible easily. Especially when the 
difference of nano crystal alloy skin temperature and the laying 
temperature of a furnace is below 10-degreeC, a result with them is 
obtained. [ degradation of a property and small dispersion of a property, 
and ] [ desirable ] 



[0010] 

[Function] By making below into -30-degreeC the dew-point of the 
controlled atmosphere used in this invention at the time of heat 
treatment, the alloy surface deterioration layer which affects magnetic 
properties can be lessened, and the degradation of magnetic properties 
can be decreased. 
[0011] 

[Example] Although this invention is explained according to an example 
below, this invention is not limited to these. 

(Example l) The alloy molten metal which becomes Cu 1% Nb 3%, Si 15.4%, 
and a B 6. 5% remainder real target from Fe by atomic % was quenched by 
the single rolling method, and the with a width-of-face thickness [ 18- 
micrometer thickness of 5mm ] amorphous alloy was obtained. Winding and 
a toroidal core were produced for this amorphous alloy in the outer 
diameter of 20mm, and bore of 12mm. It inserted in the heat treating 
furnace maintained at 550~degreeC of nitrogen-gas-atmosphere mind that 
the dew-points which show the produced core in a table 1 differ, and 
ejection air cooling was carried out from the after [ 30 minute 
maintenance ] furnace. As for the alloy after heat treatment, the bcc 
crystal with a particle size of about 12nm occupied most organizations, 
the ratio in 1kHz — initial permeability mur is shown in a table 1. As 
shown in a table 1, when a dew-point becomes below -30-degreeC, it turns 
out that mur improves remarkably. High permeability was especially 
obtained below by -60-degreeC. 
[0012] 
[A table 1] 



31 £ 

r o 




10 


63200 


-20 


730 00 


-30 


90100 


-50 


95 5 0 0 


-60 


9 72 00 


- 70 


9 83 0 0 


-80 


98500 



[0013] (Example 2) The alloy molten metal of the presentation shown in a 
table 2 was quenched by the single rolling method, and the with a width- 
of-face thickness [ 16-micrometer thickness of 25mm ] amorphous alloy 
was obtained. Winding and a toroidal core were produced for this 



r 



amorphous alloy in the outer diameter of 20mm, and bore of 12mm. The 
dew-point inserted each produced core in the heat treating furnace 
maintained at 550-degreeC of the controlled atmosphere shown in the 
table 2 of -65-degreeC and -10-degreeC, and carried out ejection air 
cooling from the after [ 30 minute maintenance ] furnace, respectively. 
As for the alloy after heat treatment, the bcc crystal with a particle 
size of about 12nm occupied most organizations. The acquired magnetic 
properties are shown in a table 2. It turns out that the one of 
permeability where a dew-point is as low as -65-degreeC improves as 
shown in a table 2. Furthermore, said alloy with a die length of 200mm 
was heat-treated on the same conditions, and relative permeability mur 
in 1kHz was measured. Etching removed the sample front face after 
measurement, and relative permeability mure was measured again, the 
ratio of the relative permeability before etching, and the relative 
permeability after etching — mu re/mu r is shown in a table 3. 
[0014] 

[A table 2] 



(at%) 




[*.#.-65'C] 


[SI*-10 o C] 


Fe b .,.Cu,Nb,Si M . 5 B, , 




97200 


62100 


Fe b .,.Cu,Nb,Tio. 7SinB„ 


mm 


98100 


71500 


Fe b . i. CuiNbsSi i«. 7 B T Sn 0 . 01 


/\ 'J ^ A 


96200 


74800 


Fe„. i . Cu iNbsHo,,. „Si , 6 . S B». 8 


7 ^3 > 


93800 


73200 


Fe b . i. Cu,Nb,Hn 0 . *Si, ,. 5 B«. s 


mm 


91200 


71800 


Fe„« i . Au 0 . .NbsSi i s . 5 B,Ga 0 . s 




89600 


69500 


Fe„. ,. Cu,Nb t . 5 Cr„. 5 Si ls . S B». 5 


mm 


88700 


66800 


Fe k .i. CuiNb»SinB«Al b . oiSn 0 . oi 


mm 


91200 


71900 


Fe b . ,. Cu,Nb 2 . 7 Mo<,. 5 Si ls B*C 0 . o . 


mm 


87300 


65900 


Pe k . i.Cui. s Nb 3 . 5 Si 14 . 7 B»Gei. 5 


mm 


91300 


72300 



[0015] 

[A table 3] 



4H fit 
CatX) 


EH /\\ >"\ 


Pre /Ur 


[»jft-lO'C] 


Fe b . i. CuiNb 3 Sii4. 2 


7 ;U ^ > 


1.02 


1.53 


Pe b .i.Cu,ilb|Tio.TSii4Bo 


mm 


1. 09 


1.36 


Fe b , 1. Cu,Nb$Si,4. 7B T Sn 0 . 01 




1.02 


1.29 


Fe b . 1. CujNb 3 Ho 0 . <Si l5 . 5 B*. 2 




0.99 


1.28 


Fe b . 1. CuiNb s Hn 0 . zSi, 4 . a B». B 




0.98 


1.27 


Fe b4 1. Auo. tNb 3 Siia. *B ? Ga 0 . s 


As IJ r> A 


1.02 


1.29 


Fc b . 1. CuiNbe. sCro. eSi 1 3. sB 4 . 3 




1.01 


1.33 


Fe b » t . Cu 1 NbsSi nB aAl 0 . 0 1 Sn 0 . 0 6 




1.00 


1.27 


Fe b . ,. CujNb 2 . 7M00. 6 Si, 6 B a C 0 . 01 


0^ 


1.05 


1.32 


Fe>.,.Cu,. 6Nb 8 . 6 Siii, /B^Ge,. 5 


£5H 


1. 03 


1.26 



[0016] When a dew-point is as high as -10-degreeC, permeability of mu 
re/mu r is improving greatly by surface-layer clearance quite more 
greatly than 1. On the other hand, when a dew-point is as low as -65- 
degreeC, there is almost no effect of etching and it is a value near 1. 
When this has a dew-point as low as -65-degreeC, it is shown that the 
surface deterioration layer which affects magnetic properties cannot be 
made easily. 
[0017] 

[Effect of the Invention] According to this invention, since it can ** 
if the heat treatment approach of a nano crystal alloy excellent in the 
magnetic properties which have the overly detailed grain structure is 
offered, a remarkable thing has the effectiveness. 
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[Claim (s)] 

[Claim 1] The heat treatment approach of the nano crystal alloy 
characterized by a dew-point performing said heat treatment in the gas 
ambient atmosphere below -30-degreeC in the heat treatment ^approach of 
manufacturing the nano crystal alloy with which an amorphous alloy is 
crystallized and the crystal grain whose diameter of average crystal 
grain is 30nm or less occupies some organizations [ at least ]. 
[Claim 2] The heat treatment approach of the nano crystal alloy 
according to claim 1 characterized by said dew-point being 
ambient atmosphere below -60-degreeC. 

[Claim 3] The heat treatment approach of the nano crystal alloy 
according to claim 1 or 2 characterized by said controlled 
being argon gas, gaseous helium, nitrogen gas, or these mixed gas. 
[Claim 4] a nano crystal alloy — general formula: (Fel-aMa) — 100-x-y- 
z-bAxM' yM* — ' zXb (atomic %) It is expressed. At least on0 sort of 
elements with which A was chosen from Cu and Au in at least one sort of ^ 
elements with which it was chosen out of Co and nickel by the inside M 0 
of a formula, At least one sort of elements with which M' was chosen ^ 
from Ti, V, Zr, Nb, Mo, Hf, Ta, and W, At least one sort of elements ^ 
with which M' ' was chosen from Cr, Mn, aluminum, Sn, Zn, Ag, In, > 
platinum group elements, Mg, calcium, Sr and Y, rare earth ^elements, and 
N, 0 and S, X shows at least one sort of elements chosen from B, Si, C, jj 
germanium, Ga, and P. ax, y, z, and b are the heat treatment approach of fpj 
a nano crystal alloy given in the term of either claim 1 characterized q 
by being the presentation expressed with 0<=a<=0. 5, 0<=x<=10, 0. K=y<=20, 0 
0<=z<=20, and the number with which are satisfied of 2<=b<=30 thru/or ^ 
claim 3, respectively. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the heat treatment 
approach of the nano crystal alloy used for the magnetic components 
which have the overly detailed grain structure. 
[0002] 

[Description of the Prior Art] The nano crystal alloy is used for the 
core of K0M0MM0-D0CH0-KUK0IRU, a high frequency transformer, a leakage 
alarm, a pulse transformer, etc. in order to show outstanding soft 
magnetic characteristics. As for the typical presentation system, the 
alloy system of a publication etc. is known by JP, 4-4393, B iand JP, 1- 
242755, A. These nano crystal alloys are produced by microcrystal-izing 
this by heat treatment, after usually quenching from the liquid phase or 
a gaseous phase and considering as an amorphous alloy. It quenches from 
the liquid phase and the single rolling method, the congruence rolling 
method, the centrifugal quenching method, the spinning method in 
revolution liquid, the atomizing method, the cavitation method, etc. are Q3 
learned as an approach of making it into an amorphous alloy. Moreover, JJJ 
it quenches from a gaseous phase and a spatter, vacuum deposition, the — ^ 
ion plating method, etc. are learned as an approach of making it into an 3> 
amorphous alloy. A nano crystal alloy is what microcrystal-ized the 
amorphous alloy produced by these approaches, and does not ^almost have 
thermal instability nature which is seen by the amorphous alloy, and it 
is known that soft magnetic characteristics excellent in high saturation 
magnetic flux density and low magnetostriction are shown. Furthermore, a 
nano crystal alloy has small aging and excelling also in the temperature 
characteristic is known. 
[0003] 

[Problem (s) to be Solved by the Invention] Degradation may ;often arise 
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in magnetic properties by the gas used although heat treatment of a nano 
crystal alloy is usually performed in inert gas, such as nitrogen gas 
and an argon, and it had become a problem. The object of this invention 
is offering the heat treatment approach of a nano crystal alloy 
excellent in the magnetic properties which have the uniform and overly 
detailed grain structure. 
[0004] 

[Means for Solving the Problem] In order to solve the abovd-mentioned 
trouble, magnetic properties deteriorated and this invention persons did 
the knowledge of dispersion in the magnetic properties itself being 
large, when deterioration layers, such as an oxide and a hydroxide, were 
shown in a front face, as a result of advancing examination 
wholeheartedly. Then, in order to have prevented generating of this 
deterioration layer, the knowledge of what is necessary being to control 
the moisture content in the gas ambient atmosphere under h6at treatment, 
that is, just to control the dew-point in a gas ambient atmosphere was 
carried out, and it hit on an idea to this invention. That ;is, this 
invention is the heat treatment approach of the nano crystal alloy 
characterized by a dew-point heat-treating in the gas ambient atmosphere 
below -30-degreeC in the heat treatment approach of manufacturing the 
nano crystal alloy with which an amorphous alloy is crystallized and the 
crystal grain whose diameter of average crystal grain is 3Qnm or less 
occupies some organizations [ at least ]. The dew-point was limited to 
below -30-degreeC for an alloy surface deterioration layer increasing, 
if a dew-point exceeds -30-degreeC, and magnetic properties, such as 
permeability, deteriorating. 

[0005] When especially a dew-point is among the gas ambient atmosphere 
below -60-degreeC, magnetic properties improve further, and a more 
desirable result is obtained. The moisture content of 337.7 mg/m3 and - 
60 degrees of dew-points C are equivalent to the moisture content of 
10.93 mg/m3 for dew-point-30-degreeC. When argon gas, gaseous helium, 
inactive nitrogen gas, or these inactive mixed gas is used ^as a 
controlled atmosphere, outstanding magnetic properties are ^acquired and 
the effectiveness of this invention is remarkable. 
[0006] a nano crystal soft magnetism alloy — especially — general 
formula: (Fel-aMa) — 100-x-y-z-bAxM' yM' — ' zXb (atomic %): It is 
expressed. At least one sort of elements with which A was chosen from Cu 
and Au in at least one sort of elements with which it was Chosen out of 
Co and nickel by the inside M of a formula, At least one sort of 
elements with which M' was chosen from Ti, V, Zr, Nb, Mo, Hf, Ta, and W, 
At least one sort of elements with which M' ' was chosen from Cr, Mn, 



aluminum, Sn, Zn, Ag, In, platinum group elements, Mg, calcium, Sr and Y, 
rare earth elements, and N, 0 and S, X shows at least one sort of 
elements chosen from B, Si, C, germanium," Ga, and P. The spft magnetic 
characteristics which were excellent in the presentation expressed with 
the number with which ax, y, z, and b are satisfied of 0<=a<-0. 5, 
0<=x<=10, 0. K=y<=20, 0<=z<=20, and 2<=b<=30, respectively !are obtained. 
[0007] The above-mentioned crystal is mainly a bccFe phase,; and when Si 
is included, Si may dissolve in a bcc phase and it may contain a 
superlattice. Moreover, it may be dissolving in elements other than Si, 
for example, B, aluminum, germanium, Zr, Ga, etc. Although ;the 
remainders other than said crystal phase are mainly amorphous phases, 
they may consist only of a crystal phase substantially. The amorphous 
alloy of said presentation is processed after production, and it 
processes this into the configuration of a core with super-quenching 
methods, such as the single rolling method, and the alloy concerning 
this invention heat-treats by a dew-point carrying out temperature up in 
the gas ambient atmosphere below -30-degreeC beyond crystallization 
temperature, and produces it by forming a super-microcrystal grain with 
a mean particle diameter of 30nm or less. A magnetic field ;may be 
impressed in the case of heat treatment, and heat treatment among a 
magnetic field may be performed. 

[0008] Since heat dissipation of the heat by crystallization from a core 

front face to generate becomes good and unusual lifting of ;core 

temperature can be suppressed low, moving the controlled atmosphere in a 

furnace compulsorily can obtain a more desirable result. While 

introducing a controlled atmosphere in a furnace from the outside of a 

furnace, the gas in a furnace can be discharged, and effectiveness with 

the same said of moving the controlled atmosphere in a furnace 

compulsorily can be acquired. Since making the controlled atmosphere in 

a furnace stir compulsorily, and moving it by a fan etc. can also CD 

improve heat dissipation from a core front face, the same effectiveness (/) 

can be acquired. 

[0009] As the difference of nano crystal alloy skin temperature and the ^ 
laying temperature of a furnace becomes below 50-degreeC, also when a ^ 
configuration becomes large by establishing the device in which the [T 
amount of furnace internal transmigration of a controlled atmosphere is 
adjusted, a response becomes possible easily. Especially when the ^ 
difference of nano crystal alloy skin temperature and the laying ^ 
temperature of a furnace is below 10-degreeC, a result with them is Q 
obtained. [ degradation of a property and small dispersion -of a property, TJ 
and ] [ desirable ] 



[0010] 

[Function] By making below into -30-degreeC the dew-point of the 
controlled atmosphere used in this invention at the time of heat 
treatment, the alloy surface deterioration layer which affects magnetic 
properties can be lessened, and the degradation of magnetic properties 
can be decreased. 
[0011] 

[Example] Although this invention is explained according to an example 
below, this invention is not limited to these. 

(Example 1) The alloy molten metal which becomes Cu 1%, Nb : 3%, Si 15.4%, 
and a B 6. 5% remainder real target from Fe by atomic % was -quenched by 
the single rolling method, and the with a width-of-face thickness [ 18- 
micrometer thickness of 5mm ] amorphous alloy was obtained." Winding and 
a toroidal core were produced for this amorphous alloy in the outer 
diameter of 20mm, and bore of 12mm. It inserted in the heat treating 
furnace maintained at 550-degreeC of nitrogen-gas-atmosphere mind that 
the dew-points which show the produced core in a table 1 differ, and 
ejection air cooling was carried out from the after [ 30 minute 
maintenance ] furnace. As for the alloy after heat treatment, the bcc 
crystal with a particle size of about 12nm occupied most organizations, 
the ratio in 1kHz — initial permeability mur is shown in a table 1. As 
shown in a table 1, when a dew-point becomes below -30-degi?eeC, it turns 
out that mur improves remarkably. High permeability was especially 
obtained below by -60-degreeC. 
[0012] 
[A table 1] 



3 £ 

ro 


fir 


10 


632O0 


-20 


73000 


-30 


90100 


-50 


95 5 0 0 


-60 


9 7200 


-70 


9 83 0 0 


-80 


9 8500 



[0013] (Example 2) The alloy molten metal of the presentation shown in a 
table 2 was quenched by the single rolling method, and the iwith a width- 
of-face thickness [ 16-micrometer thickness of 25mm ] amorphous alloy 
was obtained. Winding and a toroidal core were produced for this 



amorphous alloy in the outer diameter of 20mm, and bore of 12mm. The 
dew-point inserted each produced core in the heat treating furnace 
maintained at 550-degreeC of the controlled atmosphere shown in the 
table 2 of -65-degreeC and -10-degreeC, and carried out ejection air 
cooling from the after [ 30 minute maintenance ] furnace, respectively. 
As for the alloy after heat treatment, the bcc crystal with a particle 
size of about 12nm occupied most organizations. The acquired magnetic 
properties are shown in a table 2. It turns out that the orje of 
permeability where a dew-point is as low as -65-degreeC improves as 
shown in a table 2. Furthermore, said alloy with a die length of 200mm 
was heat-treated on the same conditions, and relative permeability mur 
in 1kHz was measured. Etching removed the sample front face after 
measurement, and relative permeability mure was measured again, the 
ratio of the relative permeability before etching, and the relative 
permeability after etching — mu re/mu r is shown in a table 3. 
[0014] 
[A table 2] 



m. ft 

(atX) 




[ 35.6 -65' C] 


[JSA-IO'C] 


Feb. i . CuiNbjSi 14 . 8 B t . t 




97200 


• 62100 


Fe b . i . Cu iNbjTio. rSi ■ <Bg 


mm 


98100 


i 71500 


Fe„, ,. CuiNbjSii4. 7B 7 Sn Q . 0I 




96200 


: 74800 


Fe„. i. CuiNb.Moo. «Si,». 9 B e . z 




93800 


i 73200 


Feb. i . Cu |Nb,Hn 0 . 2 Si , ». 9 B». 5 


mm 


91200 


\ 71800 


Fe». ,. Au 0 . »Nb a Si i ». 9 B e Ca 0 . s 




89600 


: 69500 


Fe b . i . CuiNb r . s Cr 0 . s Sii j. 5 B». 6 


mm 


88700 


j 66800 


Fe„. ,. Cu,NbiSi,.B 8 Ali>. oiSn 0 . o« 


mm 


91200 


; 71900 


Fe b . , . CuiNb». T Mo». »Si, 5 B,C 0 . o i 


mm 


87300 


j 65900 


Fe k .,.Cu,. 6 Nb 3 . 5 Si,4. rB.Gei. 8 


mm 


91300 


72300 



[0015] 

[A table 3] 



CD 

m 

S3 

3 



4H fit 

(atX) 


77^ Icxj ^ ' 


/^re/Pr 
[«jft-65*C] 


[fit- 10' C] 


Feb.,.Cu v Nb 8 Si, 4 . 58,. r 




1.02 


; 1.53 


Fe b *».Cu,Nb,Ti 0 . tSj , 4 B 9 




1.09 


; i.36 


Fe b . 1. CuiNbjSin. 7 B 7 Sna. 01 




1.02 


\ 1.29 


Pe b . 1 . Cu iNbjllOo. ^Si 1 6. 5B9. » 




0.99 


; 1.28 


Fe b . 1. Cu,Nb,Hn 0 , ?Sii 5 . ft B«. B 




0.98 


! 1.27 


Fe b . 1. Auo. «Nb 3 Si 18 . *B»Ga 0 . a 




1.02 


; 1-29 


Fe bA i, Cu iNb 2 . 3 Cr ft . aSii 3. aB 6 . 0 




1.01 


■ 1.33 


FCb. 1. CuiNb,Si 14 B 6 Al 0 . oiSn 0 . o« 




1.00 


; 1.27 


Fe b . 1. Cu,Nb 2 7H00, fl Si I5 B«Co. 01 


mm 


1.05 


; 1.32 


Fe b .,.Cui. sNb 8 . 8 Si 14 . /B«Gei. 5 


mm 


1.03 


j 1.26 



[0016] When a dew-point is as high as -10-degreeC, permeability of mu 
re/mu r is improving greatly by surface-layer clearance quite more 
greatly than 1. On the other hand, when a dew-point is as low as -65- 
degreeC, there is almost no effect of etching and it is a value near 1. 
When this has a dew-point as low as -65-degreeC, it is shown that the 
surface deterioration layer which affects magnetic properties cannot be 
made easily. 
[0017] 

[Effect of the Invention] According to this invention, since it can ** 
if the heat treatment approach of a nano crystal alloy excellent in the 
magnetic properties which have the overly detailed grain structure is 
offered, a remarkable thing has the effectiveness. 
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